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@ Promoter sequence of the p55 tumor necrosis factor receptor. 



(5?) A promoter sequence of the human p55 
TNF-R gene is provided. Also provided are se- 
quence motifs and motif regions contained 
within the promoter sequence. Methods for 
preparing these motifs or motif regions and 
their use in the modulation of TNF function are 
also provided. 
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The present invention relates to a promoter se- 
quence for the p55 tumor necrosis factor receptor 
(TNF-R), to its preparation and use. 

TNF is a multifunctional pro-inflammatory cyto- 
kine which affects a wide range of cellular functions. 5 
On the one hand, TNF is involved in the protection of 
the organism, but on the other hand, when over- 
produced, it can play a major pathogenic role in sev- 
eral diseases. TNF is known to be involved in inflam- 
matory processes and to be a mediator of the damage 10 
to tissues in septic shocks graft-versus-host reac- 
tions 2 and in rheumatic diseases 3 . 

TNF exerts these effects by binding to two dis- 
tinct cell surface receptors, Which differ in size (about 
55 and 75 kDa) and possess structurally dissimilar in- 15 
tracellular domains, suggesting that they signal dif- 
ferently 4 -". Almost all cells express TNF receptors 
(TNF-Rs), yet the amounts and relative proportions 
of the two receptors vary in different cell types. 
These variations are in part developmental^ control- 20 
led; they are related to the phenotype of the cell and 
its state of differentiation, and in part can be induced 
transiently by cytokines and immune stimulatory 
components of pathogens 12 - 22 studies of the fu no- 
tion of the two TNF-Rs indicate that they have differ- 25 
ent yet interacting activities 23 " 28 , and that their activ- 
ity level may be correlated to the extent of their ex- 
pression by the cell 2 *. 3 * These findings imply that the 
mechanisms which affect the amounts and relative 
proportion of the two TNF-Rs can have significant in- 30 
fluence both on the nature and the extent of the cel- 
lular response to TNF and thus constitute important 
determinants of the physiological as well as patholog- 
ical manifestations of the funtion of this cytokine. 

In order to inhibit the deleterious effects of TNF, 35 
ways were sought which would interfere with the bind- 
ing of TNF to its receptors. Thus neutralizing antibo- 
dies to TNF were raised (EP 186 833). Another ap- 
proach to the inhibition of the action of TNF was the 
provision of soluble TNF receptors which compete 40 
with the cell surface TNF-Rs for the binding of TNF 
(EP 308 378 and EP 398 327). 

Since binding to its receptors is required for TNF 
in order to exert its action, if less or no cell surface 
receptors are expressed, it should be possible to de- 45 
crease or inhibit the deleterious effects of TNF. By the 
same token, it may be desired in certain cases to aug- 
ment the beneficial action of TNF and in such a case 
this could possibly be achieved by increasing the 
amount of cell surface receptors expressed. so 

The present invention provides a promoter se- 
quence of the human p55 TNF-R gene which is locat- 
ed upstream the 5' end of the gene and is contained 
within an 976 bp sequence. 

The invention in a preferred embodiment pro- 55 
yides the Nhel-Pstl fragment of the full length genom- 
ic clone encoding the human p55 TNF-R. 

The invention also provides the Nhel-EcoRI frag- 



ment of the above Nhel-Pstl fragment 

The invention further provides the Bglll-EcoRI 
fragment of the above Nhel-EcoRI fragment 

A promoter sequence according to the present in- 
vention may be employed for diagnosing either inher- 
ited or acquired mutations in the promoter region 
which contribute to the pathology of diseases. 

In another aspect, the invention provides se- 
quence motifs present in the above described pro- 
moter sequences. Such motifs have been shown to 
bind certain transcription factors which could be nec- 
essary for promoter activity and might be involved in 
regulation of this promoter. 

The motifs may be prepared by deletion of the 
unwanted sequences upstream and/or downstream 
the desired motif in the full sequence, i.e. by employ- 
ing restriction enzymes to cut the full promoter se- 
quence to arrive at the desired motif, and the result- 
ing motif can then be inserted into a vector together 
with suitable control sequences and other conven- 
tional means required in order to obtain a vector 
which, on insertion into a suitable prokaryotic strain 
is capable of expression of the desired motif on cul- 
turing of the strain. 

The motif thus obtained can be used to screen, 
e.g. a human genomic library or a cDNA library for 
factors, e.g. transcription factors, binding thereto. 
Once these factors have been isolated, purified and 
identified by any conventional means, their inhibition 
should inhibit TNF-R formation, while their increased 
production should cause enhanced TNF-R expres- 
sion thereby leading to the desired effect of modulat- 
ing TNF function, i.e. inhibition or enhancement of 
TNF binding to its receptors. 

Since the amount of specif ic transcription factors 
present in vivo is not unlimited, inhibition of TNF-R ex- 
pression and consequent inhibition of deleterious 
TNF effects could also be achieved by the expression 
of a large number of motifs or motif regions. These 
will compete with promoters containing such motifs 
or motif regions for binding of the transcription fac- 
tors. A "motif region" comprises the motif itself to- 
gether with sequences flanking it on both sides, or 
several motifs connected by parts of the whole pro- 
moter sequence and flanked on both sides by se- 
quence parts. 

The present invention also provides pharmaceut- 
ical compositions comprising a sequence motif ac- 
cording to the invention. 

In another aspect, the invention provides phar- 
maceutical compositions comprising a motif region 
according to the Invention. 

Figure 1 shows the nucleotide sequence of the 
p55 TNF-R gene 5* flanking sequence, the first exon 
and part of the first intron. The A of the ATG transla- 
tion start is defined as +1 . Transcription start sites, as 
determined by S1 nuclease mapping (Figure 3) are in- 
dicated by arrows. Potential transcription factor bind- 
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ing sites are indicated by lines above the sequence. 
The consensus Intron donor site is underlined. 

Figure 2 shows the activity of p55 promoter con- 
structs In HeLa cells. Left side: diagrammatic presen- 
tation of promoter constructs. The numbers above s 
the scheme correspond to nucleotide numbers as in 
Fig. 1. The stippled line In construct P6 represents a 
deletion. Right side: relative values of CAT activity 
obtained from the constructs after transient transfec- 
tion, where 100 corresponds to 4% acetylation of 10 
CAT. 

Figure 3 shows the S1 nuclease mapping of tran- 
scription start sites of the p55 TNF receptor mRNA. 
Total RNA (1 00 ng) of HeLa, U937 or A9 cells, or 100 
\ig yeast tRNA was subjected to S1 nuclease analysis 1 s 
using 5 f end-labeled ds (double-stranded) DNA 
probes. Arrows show protected fragments with their 
length given in nucteoiides. 1 The arrow at 273 bases'"'*""" 
shows undigested Styl probe. Corresponding bands 
obtained with different probes are connected by lines; 20 
the numbers at the lines indicate nucleotide positions 
as in Figure 1. A sequencing ladder which served as 
a molecular weight marker (shown on the left A-C-G- 
T) was obtained using the genomic clone as a tem- 
plate and an oligonucleotide 5' GGTGACAGTT- 25 
GAGGGTTGAGACT positioned 5 nucleotides up- 
stream of the 3' end of the Styl-Bglll probe. Lane 1: 
Smal-Bglll probe. Lane 2 to 5: S1 nuclease analysis 
using the Smal-Bglll probe. Lanes 6 and 7: S1 nucle- 
ase analysis using the Styl-Bglll probe. Lanes 2 and 30 
7: A9 RNA; Lanes 3 and 6: HeLa RNA; Lane 4: U937 
RNA; Lane 5: yeast tRNA. 

Figure 4, in its upper part shows the nucleotide 
content of the p55 gene 5' region. The percentage of 
G/C and C/T, and the frequency of the CpG dinucleo- 35 
tide couple, were calculated in a window of 200 nu- 
cleotides for the sequence presented in Fig. 1. The 
lower part of Figure 4 shows a diagram of the 5' re- 
gion. The arrows denote major transcription start 
sites. 40 

A full length genomic clone of the human p55 
TNF-R was isolated from a human genomic library. 
The clone was found to extend 810 base pairs (bp) 
upstream of the translation start site of the TNF-R. A 
1.16 kb Nke-Pst) fragment of this clone was subcl- 45 
oned and several deletion constructs thereof pre- 
pared. 

The 1.16 kb fragment has promoter activity, 
shown by its ability to drive effective expression of 
the CAT reporter gene in both human HeLa cells (and so 
mouse A9 cells). Deletion constructs of thkt^lone 
showed that promoter activity was confined to^i 150 
bp Bglll-EcoRI fragment which included most of the 
transcription start point Further analysis showed that 
a minimal promoter of 70 bp still exhibits activity. 55 

S1 nuclease digestion analysis of the RNA of 
HeLa and U 937 cells with DNA probes revealed in 
both cell lines multiple start sites of transcription. The 



locations of these start sites were identical with all 
probes used. 

It was found that the promoter sequence accord- 
ing to the present invention resembles promoters of 
house-keeping genes (e.g. the Hypoxanthine phos- 
phoribosyltransferase 61 , the EGF receptor* 2 , the NGF 
receptor 60 or the p55 lnterleukin-1 receptor 63 . It is de- 
void of a TATA box and of a CCAAT motif and is rela- 
tively rich in G and C residues in its 3* end. There is 
an even higher content of G and C resides in the, 
proximally located, 5' end of the first intron. This re- 
gion is also rich in the dinucleotide couple CpG, which 
may allow for differentiation-related changes in the 
promoter activity as a function of the extent of methy- 
lation of these nucleotides. 

The above features are consistent with the mul- 
tiplicity of transcription start sites for the p55 TNF re- 
ceptor gene. They are also consistent with the current 
knowledge of the way in which this gene is regulated: 
showing constitutive expression in a variety of differ- 
ent cells, e.g. fibroblasts 5 - 6 , including some in which 
the receptor protein is barely detectable, e.g. in the 
U937 cells (compare » and *), at an extent which may 
vary in correlation with their differentiation state 22 . In 
contrast to these house-keeping characteristics of 
the gene which encodes the p55 TNF receptor, TNF 
itself is formed transiently by only a few cell types in 
strict dependence on inducing agents 64 . Accordingly, 
the promoters of both the TNFa and TNFp genes dis^ 
play features characteristic of inducible genes 66 , (re- 
viewed in: 66 ). These differences in regulation of the 
expression of TNF and its receptors are consistent 
with the physiological role of TNF. Serving as an "alert 
signal", particularly during invasion of pathogens, the 
formation of this cytokine would be restricted to the 
time of need, while the ability to respond to it, which 
fully depends on the expression of TNF receptors, 
would be constantly maintained. One- would expect 
the receptors for cytokines, in general, to be ex- 
pressed in a less restricted manner than the cytokines 
themselves, both with regard to their time of expres- 
sion and to the type of cell in which it occurs. The pro- 
moter for the NGF receptor, whose extracellular do- 
main is evolutionary related to those of the TNF re- 
ceptors also displays house-keeping features 60 . Like 
the promoter for the p55 TNF-R, it lacks CCAAT and 
TATA elements, has multiple transcription start sites 
and is rich in G/C residues. Yet in other respects the 
architecture of the two promoters is quite different 
For example, while in the NGF receptor gene the 
5' flanking sequence is very rich in G/C residues 
(71%), G/C richness in the p55 TNF-R is confined to 
the region downstream of the transcription initiation 
sites, and is particularly notable at the 5' end of the 
first intron (70% G/C, bp 40-200). 

As stated above, some known receptors have 
housekeeping features. The genes of a number of 
known receptors are modulated also transiently, and 
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contain the regulatory elements necessary for such 
regulation (e.g. the IL-2 receptor alpha chain 67 ). Ex- 
amination of the promoter sequence of the p55 recep- 
tor reveals sequence motifs which may, similarly, al- 
low response to transcriptional factors which are af- s 
fected by inducing agents, including consensus se- 
quences for AP2 and NF-kB. These regulatory ele- 
ments may allow for induced transient changes, su- 
perimposed on the pattern of constitutive expression 
of the receptor, perhaps by effects of certain cyto- 10 
kines which are formed at sites of inflammation. Tran- 
sient changes in TNF binding, in part due to altered 
expression of the p55 TNF-R, were observed in a 
number of studies'*-™, yet whether these changes 
occur at the transcriptional, or on post-transcriptional is 
levels remains to be established. 

Among the putative motifs discerned in the pro- 
moter, region, the sequence GGCCTCCTCCTCC, 
which is found at bp -330 and -311, is of particular in- 
terest The sequence TCCTCCTCC within this motif 20 
occurs also in the promoterjjof the EGF receptor and 
is essential for its promoter activity; it constitutes a 
site of Nuclease S1 hypersensitivity, and binds an 
SP-1 like factor 61 . The region surrounding these ele- 
ments shows an overall C/T abundance - a feature 25 
that has been implicted with DNAse hypersensitivity 
and sites of active transcription in the chromosome. 
It is therefore assumed that this region is necessary 
also for the promoter activity of the p55 TNF receptor. 

The present invention also concerns pharma- 30 
ceutica! compositions comprising a pharmaceutical^ 
acceptable carrier and a sequence motif or motif re- 
gion of the invention. These compositions may be 
used against any disease caused by an excess of 
TNF, either endogenously present or exogenously ad- 35 
ministered. Examples of diseases are septic shock, 
graft-versus-host reactions, rheumatic diseases and 
other autoimmune diseases. 

The way of administration can be via any of the 
accepted modes of administration for similar agents 40 
and will depend on the condition to be treated, e.g. in- 
travenously, intramuscularly, subcutaneously, by lo- 
cal injection or by topical application, as the case may 
require. 

The pharmaceutical compositions of the inven- 45 
tion are prepared for administration by mixing the se- 
quence motif or motif region with physiologically ac- 
ceptable carriers, stabilizers and excipients, and pre- 
pared in dosage form, e.g. by lyophilization in dosage 
vials. The amount of active compound to be adminis- so 
tered will depend on the route of administration, the 
disease to be treated and the condition of the patient 
Local injection, for instance, will require a lower 
amount on a body weight basis than will, e.g. intrave- 
nous infusion. ^ 

The invention is illustrated by the following non- 
limiting examples: 



Cell lines and culture conditions : 

The human HeLa 31 and mouse A9 32 cell lines 
were grown in Dulbecco's modified Eagle's medium. 
The human histiocytic cell line U937 33 was grown in 
RPMI 1640 medium. Both media were supplemented 
with 10% fetal calf serum, 100 units/ml penicillin and 
100ng/ml streptomycin. The cell cultures were main- 
tained in a 5% C0 2 atmosphere at 37°C. 

Example 1: Cloning and sequencing 

The cloning and several features of the full- 
length genomic clone encoding the p55 gene have 
been described 3 *. A 1 . 1 6 kb Nhel-Pstl fragment of this 
clone comprising part of the first intron of the p55 
gene, the first exon, 5' flanking gene sequences and,* 
1 80 bp of the left arm of the lambda phage, was subcl- 
oned into the pBluescript vector digested with Xbal 
and Pstl. This construct was termed NP. Partial de- 
letions of this construct were made using the internal 
restriction sites EcoRI and Bglll. A 3* deletion con- 
struct, NR (see Fig. 2B), was created by digesting the 
NP construct with EcoRI, thereby excising bp-211 to 
+168 of the insert (numbers start at the ATG transla- 
tion start, see in Fig. 1), followed by isolation of the 
3.69 kb vector fragment and religation. Another 3' de- 
letion construct, NB, was created by digesting the NP 
construct with Bglll and EcoRI, thereby excising bp- 
368 to +168 of the insert, blunting the ends with Kle- 
now polymerase and, after isolating the 3.55kb vector 
fragment carrying out religation. A 5' deletion con- 
struct BP, was obtained by cloning the 0.54 kb Bglll- 
Pstl fragment of the genomic phage (from bp-368 to 
+168) into the pBluescript vector digested with Bglll 
and Pstlll. The promoter fragments were excised 
from pBluescript with Sacl and Sail and cloned into 
the CAT expression vector pGEMCAT (a generous 
gift from Dr. J. Chebath 3 *) digested with Sacl and 
Sail. DNA sequencing was performed using the chain 
termination method 36 . The above constructs were 
sequenced using the T3 and T7 primers of pBlue- 
script Additional sequence information was obtained 
from within the cloned sequence using the oligonu- 
cleotide primers 5' CAATTCAGAATGCTTAGCTTT 
and 5' GATCAGTAAATTCCCAAGAAAGA. The latter 
oligonucleotide which starts at bf>-810 in Fig. 1 was 
also used in a PCR reaction together with the T3 pri- 
mer of the pBluescript vector to generate promoter 
fragments which are not linked to lambda phage se- 
quences. 

Example 2: Promoter activity of a 5' sequence 
In the p55 TNF-R gene 

Af ull-length genomic clone of the p65 TNF-R was 
isolated from a human genomic library, using a par- 
tial cDNA clone of the receptor as a probe 34 . Se- 
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quence analysis of the 5' end of the clone showed that 
it extends 810 nucleotides upstream of the transla- 
tion start site of the protein. Unlike the coding re- 
gion 40 , the 5' extending region seemed to be devoid 
of disruption by introns. 

To determine whether the cloned sequence has 
promoter activity, a fragment extending from an Nhel 
site within the left arm of the lambda phage to a Pstl 
site atpos. +168 within the gene sequence, and parts 
of this fragment, were cloned into pBluescript. The se- 
quence from the translation start codon ATG up- 
stream (bp -809 to -1) was subcloned using PCR 
technique, and this sequence as well as deletions 
thereof were examined for expression of CAT activity 
by a transient transfection assay. As shown in Fig. 
2A, the full length fragment P1 drove effective ex- 
pression of the CAT gene, in human HeLa cells. 

Deletion of 207bp from the 3' end of the fragment"™ 
(construct P2) somewhat enhanced CAT expression. 
This increase may be related to the occurence of two 
ATG's followed by in-frame stop codons in the deleted 
region (at bp -141 and -31), which may inhibit efficient 
initiation of translation. Indejbd, deletion of only 74bp 
from the 3' end of P1, eliminating the stop codon for 
the 3' ATG codon in the leader, led to decreased CAT 
expression (construct P3). A significant increase was 
observed when 425bp of the 5' end of P1 (construct 
P4) were deleted, suggesting the presence of a neg- 
ative regulatory element in the deleted region. An 
even higher promoter activity was observed in dele- 
tion of both 5' 425bp and 3* 207bp sequences from 
P1 (construct P5). The internal deletion construct P6 
(deletion of bp -663 to -379) showed the same activity 
as P2, suggesting that the negative regulatory ele- 
ment resides between bp -809 and -bp -663. The 425 
bp 6* region itself is devoid of promoter activity (con- 
struct P7 in Fig. 2). 

Further deletion analysis of the 150bp fragment 
(construct P5 in Fig. 2) showed that its activity was 
unaffected by deleting bp -238 to -206, but decreased 
when more 3' sequences (up to bp -287) were delet- 
ed. Deletion of bp -306 to -206 however, fully abolish- 
ed promoter activity. Therefore, the sequence be- 
tween bp -287 to -238 has enhancing activity, while 
the core promoter resides upstream of bp -287. At the 
5' end of the 150bp fragment (P5 in Fig. 2), bp -385 
to -355 could be deleted without effect, however fur- 
ther deletion up to bp -335 decreased promoter activ- 
ity about five-fold. The boundaries of the core promot- 
er are therefore between bp -355 to bp -287. 



Example 3: Identification of Transcription start 
sites 

Transcription start sites of the p55 TNF-R gene 
were mapped by nuclease protection assays us- 
ing as DNA probes Smal-Bglll (308 bp) and Styl-Bglll 
(274 bp) fragments of the 5' region of the p55 TNF re- 
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ceptor gene (5' ^P-end-labeled with T4 kinase at the 
Smal and Styl sites). The probes were hybridized 
overnight at 52°C to 100 ng of total RNA of HeLa, 
U937 or A9 cells, prepared according McDonald et 
al. 38 . After digestion for 1 hour at 37°C with 200 units 
of S2 nuclease (Boehringer, Mannheim), the reaction 
products were precipitated by ethanol and analyzed 
on a 6% sequencing gel. As molecular weight marker 
served sequencing reations with an oligonucleotide 
primer 5' GGTGACAGTTGAGGGTTGAGACT (com- 
plementary to bp-113 until -135). The 5* end of the 
primerlies 5 nucleotides upstream of the 5* end of the 
Styl probe (bp -108). S1 nuclease digestion analysis 
of the RNA of HeLa and U937 cells revealed multiple 
start sites of transcription in both ceil lines, the most 
prominent one being at G-268 (Fig. 3 and arrows in 
Fig. 1, nucleotide numbers start at the translation 
start codon ATG, see Fig. 1). The locations of the start 
sites defined by a probe extending from -112 to -368 
(Styl-Bglll) were identical to those revealed by a 
probe extendng from -78 to -368 (Smal-Bglll). The lo- 
cations of the start sites in HeLa and U937 cells were 
the same, with similar proportions of usage. 

Example 4: Transient transfection and CAT 
assay 

HeLa and A9 cells were seeded into 9 cm dishes 
(500,000 cells/ dish) and allowed to grow for 16 h. 
CaP04-precipitates of DNA 39 were added to the me- 
dium and left on the cells for 12 h. The cells were then 
rinsed and allowed to grow in fresh medium for 48 h. t 
rinsed again and scraped from the plates. Extracts 
were prepared and the CAT assay performed as de- 
scribed 39 , using 20-25ng protein per sample. Incuba- 
tion times ranged between 4-12h. Each assay was 
done at least twice, with duplicate transfections for 
each construct tested. 



40 Example 5: Sequence motifs 



The nucleotide sequence in the p55 promoter, 
the first exon, and a part of the first intron is shown 
in Figure 1. There is no TATA sequence in the prox- 
imity of any of the transcription start sites. The se- 
quence TACAAA at position -356, which would serve, 
at low efficacy, as an alternative 41 is too remote from 
those sites to be functional. 

It appears that the 5' end of the genomic clone 
lacks also a functional CCAAT motif. The sequence 
ATTGG, resembling a CCAAT box of the hsp70 gene 
promoter 42 occurs three times: at -632, -537 and - 
414. However, none of the three elements is located 
within 60 to 80 nucleotides of the transcription initia- 
tion sites which is the distance commonly found for 
CCAAT elements 43 . 

A computer search for sequence motifs for tran- 
scription factor binding sites, performed using the 
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GCG program package 44 , revealed several known 
motifs, including three consensus sites for NF-kB 46 , 
at positions -805 (reverse), -76 (reverse) and 192; 
one siteforthetranscriptionfactorAP-^at^OS, and 
an AP-1-like sequence 47 at -237. The core sequence s 
of the ubiquitious transcription factor SP-1, 
GGCGGG 48 or CCGCCC 4 *, is found at positions -323, 
311 and 362. However, none of these potential SP-1 
binding sites fully matches the consensus sequence, 
G/T G/A GGCG G/T G/A G/A C/T proposed by Briggs 1 o 
et al.*>. The putative SP-1 site at position -323 is 
flanked by two nuclease S1 hyper-sensitivity consen- 
sus sequences (S1 HS 61 ). The sequence down- 
stream of the minor start site at adenosine -211 
(ATTCTCTGGACT), shows high homology to the cor- 15 
responding sequence In the "initiator ■ motif, initially 
defined in the lymphocyte-specific terminal deoxynu- 
cleotidyltransferase gene (ATTCTGGGAGAC) 62 . 
However, the sequence upstream of this site showed 
no similarity too this motif. Within the intron, a se- 20 
quence which occurs in several transcription repres- 
sing elements (NRE, AGCCTCTC at pos. 120) 63 was 
found. 

A number of viral enhancer motifs could also be 
discerned. The NF-kB site at position -805 overlaps 25 
a sequence found in the adenovirus E2A promoter, 
defined as a binding site for the transcriptional factor 
E2aE-Cb M . Another consensus sequence found in 
enhancers of the JC and BK type polyoma viruses as 
well as in the SV40 enhancer, and in the regulatory 30 
regions of several cellular genes, GGGXGGPuPu 
("JVC") 8 * resides at 1 08, 347, -328 (reverse) and -258 
(reverse). 

Example 6: Nucleotide frequency 35 

A high contents of C and T nucleotides has been 
implicated in DNAse hypersensitivity and is found at 
sites of active transcription in the chromosome 66 . 
Abundance of the dinucleotide CpG and changes in 40 
the methylatlon pattern of CpG regions have been re- 
lated to the effect of differentiation mechanisms on 
gene expression 57 , while overall G/C abundance in 
promoter sequences has been associated with the 
control of house-keeping genes (e.g. **- eo ). We there- 45 
fore examined the 5' end of the TNF receptor gene for 
these features, by computing the content of C/T, G/C 
and CpG along this region, at a window width 200 nu- 
cleotides. 

As shown in Fig. 4, a distinct region within this se- so 
quence, extending from about nucleotide -400 to - 
100, has a high content of C and T nudeotides?That 
region overlaps the one In which the transcription 
start sites are clustered. A particular C/T rich se- 
quence, GGCCTCCTCCTCC, occurs twice, closely 55 
upstream to the furthest 5* start site (at nucleotides 
-334 and -311). 

Downstream to the region rich in C and T resi- 



dues, there is a region with a high CpG content; the 
highest content occuring in the 5* end of the first in- 
tron. An overall abundance of C and G nucleotides 
was observed from about nucleotide -331 down- 
stream; again, it was highest In the 5' end of the first 
intron of the p55 gene (nt 40-200), where the G and 
C nucleotides constitute together 70% of the se- 
quence. 

Example 7: Initial steps towards Identification 
of factors binding to the promoter region 

A simple way to identify factors which bind to a 
given sequence is the electrophoretic mobility shift 
assay (EMSA), which was employed in this case. The 
150bp fragment Bglll-EcoRI (corresponding to con- 
struct P5 in Fig. 2) was labeled at the 5' end by a f il|- 
in reaction using Klenow Polymerase and 32 P-dCTP. 
10,000 cpm of labeled fragment were incubated in 
with 5ng total protein of HeLa cell nuclear extract un- 
der varying buffer conditions and separated on a 
3.5% native acrylamide gel. The experiments dem- 
onstrated the following: 

1) several minor and one major band were ob- 
served, corresponding to potential transcription 
factors binding to the Bglll-EcoRI fragment; 

(2) incubation of the nuclear extract with an ex- 
cess of unlabeled Bglll-EcoRI fragment com- 
pletely abolished binding. Indicating that the ob- 
served interactions are specific; 

(3) addition of non-specific competitor DNA (sal- 
mon sperm DNA) reduced background, but did 
not abolish the appearance of the major band; 

(4) salt concentrations of up to 250 mM of Na + 
and K+ left binding unaffected, again demonstrat- 
ing the specific nature of this interaction, as non- 
specific binding is often reduced or abolished 
upon an increase in salt concentration; 

(5) increase in Mg ++ concentration up to 10 mM 
decreased but did not abolish binding to all ob- 
served complexes; 

(6) identical binding patterns were observed at 
20°C and at 0°C; 

(7) no binding could be observed when cytoplas- 
mic extracts of HeLa cells were used. This dem- 
onstrates once more the specific nature of the 
binding, since active transcription factors are ex- 
pected to be localized to the nucleus of the cells. 
Taken together, these data suggest that at least 

one factor interacts specifically with the region es- 
sential for promoter activity of the p55 TNF receptor 
upstream gene sequence. 

Example 8: Purification of transcription factors 
binding to the promoter region 

Functional motifs in the promoter region can be 
identified by step-wise deletion of nucleic acid se- 
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quence from the 3' and/or 5* end of the promoter by 
conventional means (Erase-a-Base kit, Promega 
Corp.). The deleted promoter fragments are then test- 
ed for activity. Likewise, internal sequences can be 
deleted or changed by in vitro mutagenesis or linker s 
scanning 39 . Motifs that bind activating transcription 
factors are revealed by a loss of promoter activity 
when deleted or mutated. Conversely, motifs that 
bind transcription factors which supress promoter ac- 
tivity are identified by mutated or deleted promoter 10 
fragments which have increased activity, compared 
to the wild-type promoter. Adetailed analysis of these 
motifs is then carried out by chemical synthesis of oli- 
gonucleotides with the sequence of the original motif, 
and mutated forms of it These oligonucleotides are is 
linked to the promoter fragments lacking the corre- 
sponding motifs, and the resulting construct is tested 
-for promoter activityrif the original activity is restored, 
the motif can be regarded as functionally unchanged, 
i.e. those mutations that have been introduced into 20 
the motif, do not interfere with its function. On the 
other hand, if less promoter activity is observed with 
a mutated motif, it can be concluded that the nucleo- 
tides which were changed compared to the wild-type 
motif, are essential for its function. 25 

Once a transcription factor binding motif has 
been identified, the corresponding transcription fac- 
tor is isolated. For this purpose, extracts from several 
sources are screened for high expression of that tran- 
scription factor. The amount of transcription factor 30 
present can be measured by get shift assays, using 
the above described oligonucleotides containing the 
sequence of the functional motif as S'-end-labeled, 
ds-DNA probes. 

Having identified an abundant source of the tran- 35 
scription factor, the conditions that are required for 
optimum binding can be defined. Different chemical 
parameters, such as pH, presence of various mono- 
and divalent kations, salt concentration and the pres- 
ence of reducing agents, e.g. DTT or mercaptoetha- 40 
nol are adjusted to achieve this goal. 

Having established optimal binding conditions 
for the transcription factor, purification is carried out 
by conventional means, e.g. by salt precipitation, 
phosphocellulose and/or DEAE chromatography. An 45 
enriched precipitation of the transcription factor is 
then purified further on a DNA affinity column, in 
which the oligonucleotide containing the correspond- 
ing motif is bound to an insoluble matrix, and the tran- 
scription factor-containing solution is passed over the 50 
column under conditions optimal for binding^fter 
washing off contaminants, the purified transcription 
factor is eluted by conditions which do not allow DNA 
binding, e.g. pH shift, changed salt concentration, or 
chelation of divalent salts necessary for DNA binding 55 
(usually 2n ++ ). 

Having purified the transcription factorallows the 
application of "reverse genetics" on that molecule: 



protein sequencing, cDNA cloning using degenerated 
oligonucleotides corresponding to protein sequence 
and finally, cloning of the gene encoding the tran- 
scription factor by screening genomic libraries using 
the cDNA as a probe. 

Having all these tools: genomic clones, cDNA 
and purified transcription factors, allows to define 
ways to regulate the activity of the trascription factor 
by one of the following means: (1) influencing its pro- 
moter; (2) influencing its binding to the target in the 
p55 gene promoter; or (3) modulating its activity. 

A detailed procedure for (1) is given in Example 
8. Methods (2) and (3) can be achieved by screening 
a large number of drugs for interference with the f uno 
tion of this transcription factor. 

Example 9: Modulation of Remoter actlv'ty by - 
speclf Ic sequence regions 

The activity of a promoter can be regulated by 
scavenging transcription factors which are in short 
supply. This can be done by expressing multiple cop- 
ies of the corresponding motifs to which the transcrip- 
tion factors bind. This mechanism has recently been 
demonstrated by Pai et al. 68 , who expressed and am- 
plified the negative promoter domain of the c-myc 
promoter in the hamster CHO cell line. Following that, 
the authors observed increased expression of ham- 
ster c-myc and the corresponding changes in cell 
growth and morphology induced by myc protein. 
Much in the same way, it is possible to amplify pro- 
moter regions which activate and enhance promoter 
activity, and by that decrease the expression of the 
corresponding protein. 

For the p55 promoter, either the whole promoter 
or parts of it which have been identified as negative 
or positive regulatory domains, can be excised from 
the promoter sequence by restriction digest or exon- 
uclease deletion of irrelevant sequences. The frag- 
ments obtained are then linked to a vector that allows 
gene amplification, and transfected into a cell line 
e.g. CHO cells, which allows selection for amplified 
vector sequences. After selection and amplification, 
the obtained clones of CHO cells are checked for p55 
gene expression on the mRNA and protein level. In 
addition, the function of the receptors is checked by 
cytotoxicity assay with TNF or with TNF mimicking 
antibodies which cross-react with the hamster recep- 
tor (e.g. the a mouse p55 antibodies). 

Having established promoter regions which, 
upon amplification in this system, modulate the activ- 
ity of the p55 receptor, these same regions are intro- 
duced Into cells which do not allow selection for am- 
plified gene products in two ways: 

1) coexpression of promoter regions linked to a 
vector which contains a viral origin of replication 
(e.g. SV40 or EBNA), with a vector which ex- 
presses T antigen (of SV40), or EBNA antigen. 
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This allows the replication of high numbers of epi- 
somal copies of the introduced promoter frag- 
ment in the nucleus of the target cell and thus 
mimicks the effect of DNA amplification of inte- 
grated sequences. 5 
2) chemical synthesis of a ds oligonucleotide 
comprising the promoter domain and application 
of sufficient amounts of that oligonucleotide to 
cells makes it likewise possible to scavenge the 
corresponding transcription factors and thus in- 10 
fluence promoter activity. The chemistry of the 
oligonucleotides has to be changed in order to (a) 
make the oligonucleotide more lipophilic, so that 
it can pass the cytoplasmic membrane, and (b) 
enhance its stability In order to minimize degra- is 
dation. This is done by conventional means, e.g. 
by using phosphothioate-coupled oligonucleo- 
tides. 
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Claims 

1. A promoter sequence of the human p55 TNF-R 
gene. 

2. The promoter sequence according to claim 1 
which is contained within a 976 bp sequence lo- 
cated upstream the 5' end of human p55 TNF-R 
gene. 

3. A sequence according to claim 2, comprising the 
Nhel-Pstl fragment of the full length genomic 
clone encoding the human p55 TNF-R. 

4. A sequence according to claim 2, comprising the 
Nhel-EcoRI fragment. 

5. A sequence according to claim 2, comprising the 
Bglll-EcoRI fragment. 



6. A sequence according to claim 2, comprising bp 
-355 to -287. 



capable of binding to a transcription factor. 

9. A motif region comprising at least one sequence 
motif according to claim 7 or 8, together with fur- 
ther sequence parts flanking it on one or both 
sides and/or connecting it to at least one other se- 
quence motif. 

10. Amethod of preparing a sequence motif compris- 
ing deletion of unwanted sequence parts up- 
stream and/or downstream the desired motif by 
conventional means, inserting the obtained motif 
into a vector optionally together with suitable con- 
trol sequences, inserting the vector into a suit- 
able prokaryotic strain, culturing the strain and 
isolating the motif. 

11. A method for preparing a motif region comprising 
deletion of unwanted sequence parts upstream 
and/or downstream the desired motif region by 
conventional means, inserting the obtained motif 
into a vector optionally together with suitable con- 
trol sequences, inserting the vector into a suit- 
able prokaryotic strain, culturing the strain and 
isolating the motif region. 

12. A method of isolating factors binding to motifs or 
motif regions according to claim 7 ( 8 or 9 t com- 
prising screening a human gene library employ- 
ing a sequence comprising a motif or a motif re- 
gion as a probe. 

13. Amethod according to claim 12, wherein the hu- 
man gene library is a genomic library. 

14. Amethod according to claim 12, wherein the hu- 
man gene library is a cDNA library. 

15. Agene cloned by using a motif or motif region ac- 
40 cording to ciai ms 7 or 9 or a factor obtained by the 

method of any one of claims 12 to 14, as probes. 

16. A pharmaceutical composition comprising a mo- 
tif or motif region according to claim 7 or 9. 

17. A pharmaceutical composition for modulating 
TNF function, comprising a motif or motif region 
according to claim 7 or 9. 

so 18. A pharmaceutical composition according to 
claim 17, for the inhibition of the deleterious ef- 
fects of TNF. 



35 
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7. A sequence motif which is contained within the 55 
sequence of any one of claims 1-6. 

8. A sequence motif according to claim 7, which is 
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Figure 1 

N F-kB E2aE-C 0 

-810 CATCAGTAAATTCCCAAGAAAGAGGGAGACTACGAGGCTACTGAACAACrC'rU4JAU , rAAAGUUGAt>UA , l"r 
-740 ACTAAGGaACATGGAGTACCTATCATCTCTCGGACGCTTATCTATATCTCTCCCA^ 

" ~ CAATT 

-t>70 ACAGGAACCCCAGGAGACAGGTTATCTCCACTCTGCAA^TTGGAAAACAGATCCAGACAGGTTCAGTTAT 
-600 GTGTCTGAGAAGTTCATTTCrrGTGTCC^ACACATTCTTA 

-530 ^^^^^^^^CTCCCAGACTCTGGATCTTTTCACTGCTGTGATCCATCTGGGAAAGGCTACTGATG 

arh » CAATT AP-2 

460 TGGGCAAGGGCTTATTGCCCCTTGGTGTTTGGTTGGGAGTGGTCGGACTG^TG^GTTGG^GGCA 

oq n TATA? S1 HS ^V-SPi l- 

^ Si HS i > li_ ir*\/ 

-320 CCCraCTCTGGCCTCCTCCTCCAGC^^ 

9< - n ;i JCV *AP-r j. m , , ,,, 

-250 caccttctctcccctcctctctgctttIIttt?^ g Jt^ 

-1 80 TTGGGGTTCAAGATCACTGGGACCAGGCCGTGATCTCTATGCCCGAGTCTCAACCCTCAACTGTCACCCC 

NF-kB 

-110 AAGGCACTT G GGACGTCCTGGACAGACCGAGTCCCGGG^GCCCCA G CACTGCCGCT G CCAC.^CrGCCC7 

GAGCCCAAATGCGCGAGTGAGAGGCCATAGCTGTCTGGCATGGGCCTCTCCACCGTGCCTGACCTGC^GC 
GuProLau 

+31 T^C^CTCGTG^CGAGGGACAAACGGAAGACTGGGCTGGTGGGCGAGG^ 
JCV NRE 

+1 01 ^^^^^^^^^^^"^""^^^^CTCTCCTGCCCGGGCCTGGTCCTGGCGCCAGTCAGGCCTGCAGGTCC 

NF-kB 

+171 TAACCTCAGCCACTGCCAGTCTGGGGTTCCCCATTCATCCGCCTTTTGGAGTAGGGGCTGCCCTGAGGCA 
+241 GGGGAA TGGGAGAACrrTTGAAACGGAGAGAGTAA^AGGAA^ 

+311 

GGCAGTAGGAACATTAGCGCTCGGGGAGTCCAGACGGTTCTGAATTC 
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FIGURE 2 
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Figure 4 
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